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(57) it is provided that a method for producing an 
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an olefin compound having a carbon-carbon double 
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is reacted with an organic hydroperoxide in the pres- 
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Description 
Technical Field 

s |0001] The present invention relates to a method for producing an oxygen-containing compound. 
Background Art 

[0002] An oxygen-containing compound such as an alcohol compound, a ketone compound, an aldehyde compound 

to and a carboxylie acid compound obtained by oxidizing a methyl or methylene group of an olefin compound having 
carbon-carbon double bond which is bonded to the methyl or methylene group such as a 1-propenyl, 2-propenyl and 
2-methyM-propenyl group (hereinafter simply referred to as the olefin compound), is very important compound as 
various chemicals and synthetic intermediate of them. For example, 3>dimethyl-2-E-^ 
panecarboxylic acid esters obtained by oxidizing a methyl group of 2-methyt-1-propenyi group of & 

is thyl-1-propenyl)cyclopropanecarboxylic acid esters is an important chrysanthemic acid derivative as an acid part of 
household agents for epidemic prevention and insecticides which is known as pyrethrates (e.g. Synthetic Pyrethroid 
insecticides: Structure and Properties, 3(1990)). E,E-2,6K«n»!hyl-2 I 6-^ which is obtained 

by oxidizing a terminal methyl group of geranyl acetate, is useful as an intermediate in natural-product synthesis (e.g. 
Tetrahedron Letters, 42, 2205 (2001)). 

20 |0003] A methyl or methylene group which is bonded to a carbon-carbon double bond of an olefin compound is the 
methyl or methylene group at allyiic position. As a method for producing an oxygen-containing compound by oxidizing 
the methyl or methylene group at allyiic position, for example, method for reacting the above-mentioned olefin com- 
pound with selenium dioxide (e.g. Comprehensive Organic Synthesis, 7, 83(1991) and Proc. Japan Acad. , 32, 353 
(1956)) and method for reacting an olefin compound with an organic hydroperoxide in the presence of selenium dioxide 

25 catalyst (e.g. J. Amer. Chem. Soc, 93, 5526 (1977) ) are known. However, in the former method, a large amount of 
selenium dioxide is used and it is necessary to oxidize the selenium metal again for reuse since they are converted to 
selenium metal after completion of the reaction. In the latter method, methylene chloride, which has some problems 
on the occupational safety and health, is used as a solvent and it is difficult to recover and reuse of selenium dioxide 
catalyst. Neither method was satisfactory industrially. 

30 

Disclosure of the Invention 

[0004] According to the present invention, an oxygen-containing compound such as a corresponding alcohol com- 
pound, a corresponding aldehyde compound, a corresponding ketone compound, and a corresponding carboxylie acid 

35 compound can be obtained by reacting the above-mentioned olefin compound with an organic hydroperoxide using 
an ionic liquid and a selenium compound to oxidize the methyl or methylene group at allyiic position. It is also easy to 
recover and reuse the tonic liquid and selenium compound. It is industrially advantageous. 
[0005] That is, the present invention provides a method for producing an oxygen-containing compound, characterized 
in that an olefin compound having carbon-carbon double bond which is bonded to a methyl or methylene group is 

40 reacted with an organic hydroperoxide in the presence of an ionic liquid and a selenium compound. 

Best Mode for Carrying Out the Invention 

[0006] An olefin compound in the present invention is not particularly limited in so far as It is an olefin compound 
45 having a structure bonding a methyl or methylene group to a carbon-carbon double bond, such as a 1-propenyl, 2-pro- 
penyl and 2-methyl-1-propenyl group, within the molecule and examples thereof include a compound of formula (1) 



so 




(1) 



wherein R* represents a substituted or unsubstituted alky! group, a substituted or unsubstituted aryl group, or a sub- 
55 stituted or unsubstituted aralkyl group; R 2 , R 3 and R 4 are the same or different, and independently represent a substi- 
tuted or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubstituted aryl group, 
a substituted or unsubstituted aryloxy group, a substituted or unsubstituted aralkyl group, a substituted or unsubstituted 
aralkyloxy group, a substituted or unsubstituted alkylcarbonyl group, a substituted or unsubstituted arylearbonyl group. 
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a substituted or unsubstituted aralkyicarbonyl group, a substituted or unsubstituted alkoxycarbonyl group, a substituted 
or unsubstituted aryloxycarbonyl group, a substituted or unsubstituted araikyloxycarbonyi group, a halogen atom or a 
hydrogen atom, and herein, at least one pair selected from R 1 and R 3 , R 2 and R 4 , R 1 and R 2 , and R 3 and R 4 may be 
combined together with the carbon atom to which they are bonded to form a ring (hereinafter, simply referred to as the 
s compound (1 )), and a compound of formula (4) 



wherein R 2 , R 3 and R 4 are as defined above, and herein, R 2 and R 4 or R 3 and R 4 may be bonded together with the 
carbon atom to which they are bonded to form a ring (hereinafter, simply referred to as the compound (4)). 

is [00071 In the compound represented by the formula (1 ), and the corresponding compound represented by the formula 
(2) and (3), the compound wherein R 2 , R 3 and R 4 are the same or different, and independently represent a substituted 
or unsubstituted alkoxy group, a substituted or unsubstituted aryl group, a substituted or unsubstituted aryloxy group, 
a substituted or unsubstituted araikyloxy group, a substituted or unsubstituted alkylcarbonyl group, a substituted or 
unsubstituted arylcarbonyl group, a substituted or unsubstituted aralkyicarbonyl group, a substituted or unsubstituted 

20 alkoxycarbonyl group, a substituted or unsubstituted aryloxycarbonyl group, a substituted or unsubstituted aralkyloxy- 
carbonyi group, a carboxyl group, a halogen atom or a hydrogen atom is exemplified. Further, in the compound rep- 
resented by the formula (1), and the corresponding compound represented by the formula (2) and (3), the compound 
wherein R 2 R 3 and R 4 are the same or different, and independently represent a substituted or unsubstituted aryl group, 
a substituted or unsubstituted alkylcarbonyl group, a substituted or unsubstituted arylcarbonyl group, a substituted or 

25 unsubstituted aralkyicarbonyl group, a substituted or unsubstituted alkoxycarbonyl group, a substituted or unsubstituted 
aryloxycarbonyl group, a substituted or unsubstituted aralkyioxycarbonyl group, a carboxyl group, a halogen atom or 
a hydrogen atom is exemplified. 

[00081 Examples of the unsubstituted aryl group in the unsubstituted aryl group, the unsubsutituted aryloxy group, 
and the unsubstituted aryloxycarbonyl group represented by R 1 to R 4 include, for example, an unsubsutituted phenyl 

30 group and an unsubstituted naphthyl group. 

[00091 Examples of the unsubstituted alkyl group in the unsubstituted alkyl group, the unsubstituted alkoxy group 
and unsubstituted alkoxycarbonyl group include, for example, linear, blanched or cyclic alkyl groups having 1 to 20 
carbon atoms such as a methyl, ethyl, n-propyi, isopropyl, n-butyl. isobutyl, sec-butyl, tert-butyl, n-pentyl. hexyl, heptyl, 
octyl, nonyl, n-decyl, cyclopropyl, 2.2-dimethyicyclopropyl, cyclopentyl, cyclohexyl, menthyl. undecyl, dodecyl, tridecyl, 

35 tetradecyl, pentadecyi, hexadecyl, heptadecyl, octadecyl, nonadecyl, and dodecyl group. 

[0010J Examples of the substituted alkyl group include the alkyl group substituted with a substituted or unsubstituted 
alkoxy group, a substituted or unsubstituted aryloxy group, a substituted or unsubstituted araikyloxy group, a halogen 
atom, a substituted or unsubstituted alkylcarbonyl group, a substituted or unsubstituted arylcarbonyl group, a substi- 
tuted or unsubstituted aralkyicarbonyl group, a substituted or unsubstituted alkoxycarbonyl group, a substituted or 

4Q unsubstituted aryloxycarbonyl group, a substituted or unsubstituted aralkyioxycarbonyl group, carboxyl group and the 
like, which are described hereinafter. Examples of thus substituted alkyl group include specifically, for example, a 
chloromethyl, fluoromethyl, trifluoromethyi, methoxymethyl, ethoxymethyl, methoxyethyl, methoxycarbonylmethyl 
group. 

[001 13 Examples of the substituted or unsubstituted alkoxy group include, for example, those which are composed 
45 of the above-mentioned substituted or unsubstituted alkyl groups and oxygen atoms. A part of the specific examples 
thereof include, for example, a methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy. 
n-pentyloxy, n-decyloxy, cyclopentyloxy, cyclohexyloxy, menthyloxy, chloromethoxy, fluoromethoxy, trifluoromethoxy, 
methoxymethoxy, ethoxymeihoxy and methoxyethoxy group. 

[0012] Examples of the substituted aryl group (for example, a phenyl group and a naphthyl group) include aryl groups 
so substituted with a substituent such as the above-mentioned substituted or unsubstituted alkyl group, the above-men- 
tioned substituted or unsubstituted alkoxy group, the above-mentioned aryl group, a substituted or unsubstituted aralkyl 
group described hereinafter, a substituted or unsubstituted aryloxy group described hereinafter, a substituted or un- 
substituted araikyloxy group described hereinafter, and a halogen atom described hereinafter. 
[0013] Examples of thus substituted aryl group include, for example, a 2-methyiphenyl, 4-chlorophenyl. 4-methyl- 
55 phenyl, 4-methoxyphenyl and 3-phenoxyphenyl group. Examples of the substituted or unsubstituted aryloxy group 
include, for example, those which are composed of the above-mentioned substituted or unsubstituted aryl groups and 
oxygen atoms, such as a phenoxy, 2-methylphenoxy, 4-chlorophenoxy, 4-methylphenoxy, 4-methoxyphenoxy and 
3-phenoxyphenoxy group. 




(4) 
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[0014] Examples of the substituted or unsubstituted araikyl group include, for example, those which are composed 
of the above-mentioned substituted or unsubstituted aryl groups and the above-mentioned alkyl groups, such as a 
benzyl, 4-chlorobenzyl, 4-methylbenzyl, 4-methoxylbenzyi, 3-phenoxybenzyl, 2,3,5,6-tetrafluorobenzyl, 
2,3,5,6-tetrafluoro-4-memvlber^l,2,3£^ 
5 zyt group. 

[0015| Examples of the substituted or unsubstituted aralkyloxy group include, for example, those which are composed 
of the above-mentioned substituted or unsubstituted araikyl groups and oxygen atoms, such as a benzyloxy, 4-chlo- 
robenzyloxy, 4-methylbenzyloxy, 4-methoxylbenzyloxy, 3-phenoxybenzyloxy, 2.3,5 ,6-tetrafluorobenzyloxy, 
2,3,5,6-tetrafluoro-^methylbenzyloxy, 2,3,5,6-tetrar1uoro-4-memoxybenzytoxy and 2,3,5,6-tetrafluoro«4-meth- 

10 oxymethylbenzyloxy group. 

[001 6] Examples of the halogen atom include, for example, a fluorine, chlorine and bromine atom. 
[0017] Examples of the substituted or unsubstituted aikyicarbonyl group, the substituted or unsubstituted arylcarbonyi 
and araikylcarbonyl group include, for example, those which are composed of carbonyl groups and the above-men- 
tioned substituted or unsubstituted alkyl, aryl or araikyl groups, such as an acetyl, ethylcarbonyl, benzoyl and benzyl- 

15 carbonyl group. 

[0018] Examples of the substituted or unsubstituted alkoxycarbonyl, aryloxycarbonyl and aralkyloxycarbonyl group 
include, for example, those which are composed of carbonyl groups and the above-mentioned substituted or unsub- 
stituted alkoxy, aryloxy or aralkyloxy groups. Specific examples thereof include, for example, a methoxycarbonyl, ethox- 
ycarbonvtphenoxycarbonyf and benzyloxycarbonyl group. Examples of the ring formed by combining at least one pair 
20 selected from a pair of R 1 and R 3 , R 2 and R 4 , R 1 and R 2 , and R 3 and R 4 together with the carbon atom to which they 
are bonded include optionally substituted cycloalkenyi rings having 5 to 8 carbon atoms, which is composed of the 
above-mentioned substituted or unsubstituted alkyl group and the double bond moiety. 

[0019] Examples of the olefin compound include, for example, geranyl acetate, geranyl benzoate, geranyl methyl 
ether, geranyl benzyl ether, geranyl phenyl sulfone, geranylacetone, prenyl acetate, 7-octenoic acid methyl ester, 1 -hex- 

25 ene, 1-heptene, 1-octene, 1-dodecene, cyclopentene, cyclohexene, cydoheptene, cyclooctene, 3-methylcyclopen- 
tene, 4-methylcyclopentene, 3,4-<Hmethylcyclopentene, 3-chiorocyclopentene, 1-methylcyclohexene, 1 ,4-dimethylcy- 
clohexene, 3-methylcyclohexene, 2-hexene, 1,7-octadiene, 1,2,3,4-tetrahydrophthalic anhydride, indene, a-methyl- 
styrene, p -methylstyrene, p -benzylstyrene, 4-methoxy-6-methyl-2H-pyran-2-one, methylenecyclobutane, methylene- 
cyclopentane, p -pinene, a -methylene- y -butyrolactone, cyclohexylidenecyclohexane, puiegone, isophorone, 

30 2-carene, 3-carene, and a-pinene. 

[0020] The present reaction Is that the olefin compound is reacted with an organic hydroperoxide in the presence of 
an ionic liquid and a selenium compound to obtain an oxygen-containing compound obtained by oxidizing a methyl or 
methylene group bonded to the carbon-carbon double bond of the olefin compound. When the olefin compound having 
a structure bonding a methyl group to the carbon-carbon double bond is used, at least one compound selected from 

35 an alcohol compound, an aldehyde compound and a carboxylic acid compound Is obtained. The producing ratio thereof 
differs depending on the amount of the organic hydroperoxide used and/or reaction condition. Alternatively, when the 
olefin compound having a structure bonding a methylene group to the carbon-carbon double bond is used, an alcohol 
compound, an aldehyde compound or a mixture thereof is obtained. The producing ratio thereof differs depending on 
the amount of the organic hydroperoxide used and/or reaction condition. 

40 [0021] When the above-mentioned compound (1), for example, is used as the olefin compound, a compound of 
formula (2) 



45 




(2) 



wherein R 1 , R 2 , R 3 and R 4 are as defined above, a compound of formula (3) 



55 
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30 




(3) 



wherein R 1 , R 2 , R 3 and R 4 are as defined above, or a mixture thereof is obtained. Further, it will be illustrated by the 
to specifically compounds below. When cyclohexene is used as the olefin compound, 2-cyclohexenol and 2-cyclohexe- 
none are obtained. When the compound (4), for example, is used as the olefin compound, at least one compound 
selected from a compound of formula (5) 



(5) 




wherein R 2 R 3 and R 4 are as defined above, a compound of formula (6) 



OHC J* 3 



>=< (s 



wherein R 2 , R 3 and R 4 are as defined above, and a compound of formula (7) 



H0 2 C R 3 



(7) 



wherein R 2 , R 3 and R 4 are as defined above. Typically, the compounds represented by the formula (5), (6) and (7), 
the compounds represented by the formula (5) and (6), or the compounds represented by the formula (6) and (7) 
depending on the amount of the organic hydroperoxide and/or the reaction condition. Furthermore, It will be illustrated 

40 by the specifically compound below. When isophorone is used as the olefin compound, three compounds described 
below, 3-hydroxymemyt-5,5-dimethyi-2-cyclohexen-lHone, formylisophoror«and5,Mimemyl-3^xo-1-cyciohexenen- 
1 -carboxylic acid, are obtained and the former exemplified compound or the latter two compounds among three com- 
pounds were obtained depending on the reaction condition. The obtained compounds were separated, if necessary, 
by the method such as extraction, column chromatography and distillation as following. 

45 [0022] Examples of the selenium compound include, for example, a divalent, tetravalent or hexavalent selenium 
compound such as selenium dioxide, selenium disulfide, seleninyt chloride, selenic acid, selenious acid, selenium 
tetrachloride, selenocystine, selenourea and dimethylselenourea, preferably selenium dioxide, selenic acid and selen- 
ious acid. The selenium compound is used alone or in the form of a mixture. The amount used of the selenium compound 
is usually 0.001 to 0.95 mole per 1 mol of the olefin compound. 

so [0023] Examples of the organic hydroperoxide Include, for example, tert-butylhydroperoxide, tert-amylhydroperox- 
ide, cumenehydroperoxide, and cymenehydroperoxide. The organic hydroperoxide is usually used in a form of an 
aqueous solution or an organic solvent solution. A concentration of an organic hydroperoxide in the aqueous solution 
or the organic solvent solution is not particularly limited, and taking into consideration volume efficiency and safety, it 
is about 1 to 90 % by weight practically. 

55 [0024] In the present Invention, the amount of the organic hydroperoxide may be selected suitably according to the 
desired oxygen-containing compound since the kind and the producing ratio of the obtained compounds differs de- 
pending on the amount of the organic hydroperoxide. In the case of the alcohol compound is an objective compound, 
the amount used of the organic hydroperoxide is usually about 1 to 2 moles per 1 mole of the olefin compound. In the 
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case of the aldehyde compound is an objective compound, the amount used of the organic hydroperoxide is usually 
about 2 to 3 moles per 1 mole of the olefin compound. In the case of the ketone compound is an objective compound, 
the amount used of the organic hydroperoxide is usually 2 moles or more and there is no specific upper limit and it is 
50 moles or less practically taking into consideration economical viewpoint In the case ofthe carboxylic acid compound 

s is an objective compound, the amount of the organic hydroperoxide used is usually 3 moles or more and there is no 
specific upper limit and it is 50 moles or less practically taking into consideration economical viewpoint. 
[0025] The ionic liquid include a compound comprising an organic cationic species and an anionic species, which 
has a melting point of 1 00 °C or less and is stable to hold liquid state until high temperature of about 300 °C , and it is 
also called as Room Temperature Molten Salt. Examples of the ionic liquid include an imidazolium salt substituted with 

10 one or more alkyl groups, a pyridinium salt substituted with one or more aikyl groups, a quaternary ammonium salt, a 
quaternary phosphonium salt and tertiary sulfonium salt, which has a melting point of 100 °C or less and is stable to 
hold liquid state until high temperature of about 300 °C, preferably an imidazolium salt substituted with one or more 
alkyl groups, which has a melting point of 100 °C or less and is stable to hold liquid state until high temperature of 
about 300 °C 

1 s [0026] Examples of the imidazolium salt substituted with one or more alkyl groups include salts which are composed 
of an imidazolium cation, of which at least one nitrogen atom on the imidazoline ring Is bonded to a substituted or 
unsubstituted alkyl group, and anionic species such as a tetrafluoroborate, chloride, bromide, iodide, hexafluorophos- 
phate, bls(perfluoroalkanesulfonyl)amide, alkylcarboxylate and alkanesulfonate anion. Herein, examples of the sub- 
stituted or unsubstituted alkyl group include, for example, lower alkyl group having 1 to 8 carbon atoms such as a 

20 methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, n-pentyl, hexyl, heptyl and octyl group, and those substituted with 
an alkoxy group having 1 to 8 carbon atoms such as a methoxy, ethoxy, propoxy, butoxy, pentyloxy, hexyioxy, heptyioxy 
and octyloxy group, at least one halogen atom such as a fluorine, chlorine and bromine atom, or the like, such as a 
chloromethyl, fluoromethyl, trifluoromethyl, methoxymethyi, ethoxymethyi, methoxyethyl and methoxycarbonylmethyl 
group. Thus subustKuted or unsubstituted aikyl group may be also bonded to a carbon atom on the imidazoline ring. 

25 [0027] Examples of the imidazolium salt substituted with one or more alkyl groups include, for example, an imida- 
zolium tetrafluoroborate substituted with one or more alkyl groups such as 1-methyl-3-methyltmidazolium tetrafluorob- 
orate, 1 -methyl -3-ethylimidazolium tetrafluoroborate, 1-methyl-3-butylimidazolium tetrafluoroborate, 1-methyl-3-iso- 
butylimidazolium tetrafluoroborate, l-methyl-3-methoxyethyiimidazolium tetrafluoroborate, 1~ethyl-3-ethylimidazoiium 
tetrafluoroborate, 1-ethyl-3-butylimidzolium tetrafluoroborate, 1-ethyl-2,3-dimethylimidazoliUm tetrafluoroborate, 

30 1 -ethyl-3,5-dimethylimidazoiium tetrafluoroborate, 1 ,3-diethyl-5-methylimidazolium tetrafluoroborate, and 1 -ethylimi- 
dazoltum tetrafluoroborate; an imidazolium chloride substituted with one or more alkyl groups wherein the above 
tetrafluoroborate anion is replaced with a chloride anion; an imidazolium bromide substituted with one or more alkyl 
groups wherein the above tetrafluoroborate anion is replaced with a bromide anion; an imidazolium iodide substituted 
with one or more alkyl groups wherein the above tetrafluoroborate anion is replaced with an iodide anion; an imidazolium 

35 hexafluorophosphate substituted with one or more alkyl groups wherein the above tetrafluoroborate anion is replaced 
with a tetrafluorophosphate anion; an imidazolium bis(perfiuoroalkanesufbnyi)amide substituted with one or more alkyl 
groups wherein the above tetrafluoroborate anion is replaced with a bis(rjerfluoroalkanesulfonyl)amide anion; an imi- 
dazolium alkylcarboxylate substituted with one or more alkyl groups wherein the above tetrafluoroborate anion is re- 
placed with an alkylcarboxylate anion; and an imidazolium alkanesulfonate substituted with one or more alkyl groups 

40 wherein the above tetrafluoroborate anion is replaced with an alkanesulfonate anion. 

[0028] Examples of the pyridinium salt substituted with one or more alkyl groups include, for example, those which 
are composed of a pyridinium cation, of which at least one nitrogen atom on the pyridine ring is bonded to the above- 
mentioned substituted or unsubstituted alkyl group, and the above-mentioned anionic species. Specific examples there- 
of include, for example, a pyridinium tetrafluoroborate substituted with one or more alkyl groups such as N-methylpy- 

45 ridinium tetrafluoroborate, N-ethyipyridinium tetrafluoroborate, N-pmpylpyridinium tetrafluoroborate, N-butylpyridinium 
tetrafluoroborate, N-butyl-4-methyipyridinium tetrafluoroborate, N-isobutylpyridinium tetrafluoroborate, and N- 
pentyipyridinium tetrafluoroborate; a pyridinium chloride substituted with one or more alkyl groups wherein the above 
tetrafluoroborate anion is replaced with a chloride anion; a pyridinium bromide substituted with one or more alkyl groups 
wherein the above tetrafluoroborate anion is replaced with a bromide anion; a pyridinium iodide substituted with one 

so or more alkyl groups wherein the above tetrafluoroborate anion is replaced with an iodide anion; a pyridinium hex- 
afluorophosphate substituted with one or more aikyl groups wherein the above tetrafluoroborate anion is replaced with 
a tetrafluorophosphate anion; a pyridinium bis(perfluoroaikanesufonyl)amide substituted with one or more alkyl groups 
wherein the above tetrafluoroborate anion is replaced with a bis(perfluoroafkanesuifonyl)arn!de anion; a pyridinium 
alkylcarboxylate substituted with one or more alkyl groups wherein the above tetrafluoroborate anion is replaced with 

ss an alkylcarboxylate anion; and a pyridinium alkanesulfonate substituted with one or more alkyl groups wherein the 
above tetrafluoroborate anion is replaced with an alkanesulfonate anion. 

[0029] Examples of the quaternary ammonium salt include, for example, salts composed of the ammonium cations, 
which are composed of four the above-mentioned substituted or unsubstituted alkyl groups, which may be the same 
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or different and nitrogen atoms, and the above-mentioned anionic species. Examples thereof include, for example, a 
quaternary ammonium tetrafluoroborate sueh as trimemylpentytammonium tetrafluoroborate, trimethylhexyiammoni- 
um tetrafluoroborate, trimemylheptytemmonium tetrafluoroborate, trimethyloctylammonium tetrafluoroborate and tri- 
ethylpentylammonium tetrafluoroborate; a quaternary ammonium hexafluorophosphate substituted with one or more 

s alkyl groups wherein the above tetrafluoroborate anion is replaced with a tetrafluorophosphate anion; a quaternary 
ammonium bis(perfluoroalkanesufcnyl)amide substituted with one or more alkyl groups wherein the above tetrafluor- 
oborate anion is replaced with a bis(perfluoroalkanesutfonyl)amide anion; a quaternary ammonium alkylcarboxylate 
substituted with one or more alkyl groups wherein the above tetrafluoroborate anion is replaced with an alkyicarboxyiate 
anion; and a quaternary ammonium alkanesalfonate substituted with one or more alkyl groups wherein the above 

10 tetrafluoroborate anion is replaced with an atkanesulfonate anion. 

[0030] Examples of the quaternary phosphonium salt include, for example, salts composed of the ammonium cations 
which are composed of four the above-mentioned substituted or unsubstituted alkyl groups, which may be the same 
or different, and phosphorus atoms, and the above-mentioned anionic species. Examples thereof include, for example, 
a quaternary phosphonium tetrafluoroborate such as trimethyipentyiphosphonium tetrafluoroborate and tetrabutyl- 

is phosphonium tetrafluoroborate; a quaternary phosphonium hexafluorophosphate substituted with one or more alkyl 
groups wherein the above tetrafluoroborate anion is replaced with a hexafluorophosphate anion; a quaternary phos- 
phonium bis(perfluoroalkanesufonyl)amide substituted with one or more alkyl groups wherein the above tetrafluorob- 
orate anion is replaced with a bis(perfluoroalkanesuHbnyl)amide anion; a quaternary phosphonium alkylcarboxylate 
substituted with one or more alkyl groups wherein the above tetrafluoroborate anion is replaced with an alkylcarboxylate 

20 anion; a quaternary phosphonium alkanesulfonate substituted with one or more alkyl groups wherein the above 
tetrafluoroborate anion is replaced with an alkanesulfonate anion. 

[00311 Examples of the tertiary sulfonium salt include, for example, salts composed of the sulfonium cations, which 
are composed of three the above-mentioned substituted or unsubstituted alkyl groups, which may be the same or 
different , and sulfur atoms, and the above-mentioned anionic species. Examples thereof include, for example, a tertiary 

25 sulfonium tetrafluoroborate such as triethyisulfonium tetrafluoroborate, tributylsuifbnium tetrafluoroborate and tripro- 
pylsulfbnium tetrafluoroborate; a tertiary sulfonium hexafluorophosphate substituted with one or more alkyl groups 
wherein the above tetrafluoroborate anion is replaced with a hexafluorophosphate anion; a tertiary sulfonium bis(per- 
fluoroalkanesufonyl)amide substituted with one or more alkyl groups wherein the above tetrafluoroborate anion is re- 
placed with a bis(perfluoroalkanesulfonyl)amide anion; a tertiary sulfonium alkylcarboxylate substituted with one or 

30 more alkyl groups wherein the above tetrafluoroborate anion is replaced with an alkylcarboxylate anion; a tertiary 
sulfonium alkanesulfonate substituted with one or more alkyl groups wherein the above tetrafluoroborate anion is re- 
placed with an alkanesulfonate anion. 

[00321 The amount used of the ionic liquid is not particularly limited and it is usually about 0.1 to 100 parts by weight 
relative to 1 part by weight of the selenium compound. 

35 [00331 The present invention is usually carried out without using a solvent, and may be carried out in the presence 
of a solvent. Examples of the solvent include, for example, ether solvents such as diethyl ether, methyl tert-butyl ether 
and tetrahydrofuran; ester solvents such as ethyl acetate; alcohol solvents such as methanol, ethanol, and tert-butanoi; 
nitrite solvents such as acetonitrile and propionitrile; and water. The solvent may be used alone or in the form of a 
mixture. The amount used of the solvent is not particularly limited. 

40 [00341 ,n th® present reaction, the reaction is carried out in the presence of an aromatic carboxylic acid to obtain the 
oxygen-containing compound in better yield. Examples of the aromatic carboxylic acid include, for example, benzoic 
acid, salicylic acid, 4-hydroxybenzoic acid, 3-hydroxybenzoic acid, 3,4-dihydroxybenzoic acid, 3,4,5-trihydroxybenzoic 
acid, picolinic acid, nicotinic acid, and isonicotinic add. The amount used of the aromatic carboxylic acid is not limited 
particularly and it is practically 0.1 to 10 moles per 1 mole of the selenium compound. 

45 [0035] In the present reaction, the olefin compound, the ionic liquid, the organic hydroperoxide, the selenium com- 
pound and if necessary the solvent and/or the aromatic carboxylic acid, may be mixed and the mixing order is not 
limited particularly. A preferable example of the mixing order is described below. First, the ionic liquid, the selenium 
compound and a part of the organic hydroperoxide are mixed. In this case, if necessary, the aromatic carboxylic acid 
may be mixed thereto. Next, the olefin compound is added to the mixture, and then the remaining organic hydroperoxide 

so is added thereto and the resulting mixture is stirred at the reaction temperature to obtain the oxygen-containing com- 
pound in good yield. 

[0036] if the reaction temperature is too low, the reaction hardly proceeds and , If the reaction temperature is too high, 
side reaction such as polymerization of the starting olefin compound may proceed. Therefore, the practical reaction 
temperature is in a range of 0 to 200 °C. 

[0037] The reaction may be carried out under a normal pressure or pressurized condition. The progress of the reaction 
can be checked by conventional analyzing means such as gas chromatography, high performance liquid chromatog- 
raphy, thin layer chromatography, NMR and IR. 

[0038] After completion of the reaction, a solvent immiscible with the ionic liquid is added to the reaction mixture as 
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it is or after decomposition of the remaining organic hydroperoxide with a reducing agent such as sodium sulfite if 
necessary, and the ionic liquid phase and organic phase containing an oxygen-containing compound can be separated. 
When the aqueous solution is used at the point of the reaction or the aftertreatment with the reducing agent, the reaction 
mixture is sometimes separated to the three phases of the ionic liquid phase, the organic phase containing oxygen- 
s containing compound and the aqueous phase and in this case each phase may be also separated to obtain the organic 
phase containing oxygen-containing compound and the ionic liquid phase. The oxygen-containing compound can be 
isolated by concentrating the obtained organic phase. The isolated oxygen-containing compound may be further pu- 
rified by a conventional purification means such as distillation or column chromatography. 

[0039J Examples of the organic solvent immiscible with the ionic liquid include, for example, aliphatic hydrocarbon 
10 solvents such as n-pentene, n-hexane and n-heptane, and aromatic hydrocarbon solvents such as toluene and xylene 
and the amount used of the organic solvent is not particularly limited. 

|0040] The selenium compound or the oxide of the above-mentioned selenium compound is usually contained in the 
above-mentioned ionic liquid phase and the ionic liquid phase containing the selenium compound or the oxide of the 
above-mentioned selenium compound, as it is or after conducting concentration treatment if necessary, can be used 
is again in the present reaction. When the ionic liquid phase is used again, new selenium compound may be not used 
and if necessary, a selenium compound may be used by adding to the ionic liquid phase. 

[0041] Examples of the alcohol compound among thus obtained oxygen-containing compounds include, for example, 
E,E-2 ( 6-dimethyl-2,6-octadiene-8-acetoxy-1*ol, E,E-2,6-dimethyl-2,6-octadiene-8-benzoyloxy-1-ol, E,E-2,6-dimethyl- 
2,6-octadiene-8-methoxy-1-oi, E r E-2,6-dimemyl-2,6-octadien-8-benzyIoxy-1-ol t E.E^.e-dimethyl^.S-octadien-l-ol- 
20 8^phenylsulfone,E,E-11 -hydro 

droxy-7-octenoic acid methyl ester, l-hexen-3-oi, 1-hepten-3-oi, 1-octen-3-ol, i-dodecen-3-ol, 1-hydroxy^2-cyclopen- 
tene, 2-methyl-2-cyclohexen-1-ol, 2 f 5-dimethyl-2-cyclohexen-1-ol, 1-hydroxy-2-cyclohaxene, 1-hydroxy-2-cyclohep- 
tene, 1-hydroxy-2-cyclooctene, 1-hydroxy-4-methyi-2-cyclopentene, 1-hydroxy-5-methyl-2-cyclopentene, 1-hydroxy- 

4.5- dimethyl-2-cyclopentene, 1-hydroxy-4-chloro-2-cyclopentene, 1-hydroxy-4-methyl-2-cyclohexene, 4-hydroxy- 
25 2-hexene,3-hydroxy-i,7-octad^ 

1- oi, 1,3-diphenyl-2-propen-1-oi, 6-{hydroxymethyl)-4-methoxy-2H-pyran-2-one, 2~phenyl-2-prapen-1-ol, 2-methyl- 
enecyclobutanol, 2-methylenecyclopentanol, pinocarveol, dihydro-4-hydroxy-3-methy!ene-2-furanone. 2-cyclohexyli- 
deneeyclohexanol, 2-(2-hydroxy-1 -methylmethylidene)-5-methyicyclohexanone, 3-hydroxymethyl-5,5-dimethyl-2-cy- 
clohexen-1-one, 2-caren-10-ol, isochamol and myrtenol. 

so |0042] Examples of the aldehyde compound include, for example, E.E^-fbrmyl-S-acetoxy-e-meth^.e-octadiene, 
E,E-2-formyl-8-ben2oyloxy-6-methyl-2 t 6-octadiene, E,E-2-form^-8-methoxy-6-methyl-2,6-octadiene, E,E-2-formyl- 
8-benzyloxy-6-memyl-2,6-o<aadiene l E I E-2-forTTTyl-8-phenylsulfbne-6-methyl-2,6-octadiene t E,E-2,6-dimethyl- 
10-oxo-2,6-undecadienal, E-4-(acetyloxy)-2-methyl-2-butenal f a -fbrmylstyrene, 3-phenyl-2-propenai, 4-methoxy- 

2- oxo-2H-pyran-6-carboxyaldehyde, 2-<4-methyl-2-cyclohexylidene)propanai x fbrmylisophorone, 7,7-dimethyl-2-nor- 
35 carene-3-carboxyaldehyde, 7,7-dimethyl-3-norcarene-3-carboxyaidehyde and myrtenai. 

[0043] Examples of the ketone compound include, for example, 6-oxo-7-octenoic acid methyl ester, 3-oxo-1-hexene, 

3- oxa-1-heptene t 3-oxo-1-octene, 3-oxo-t-dodecene, 2-cyclopentenone, 2-methyl-2-cyclohexen-1-one, 2,5-dimethyi- 
2-cyctohexen-1-one 2-cyclohexenone, 2-eycloheptenone, 2-cydooctenone, 4-methyl-2-cyclopentenone, 5-methyl- 
2-cyclopentenone, 4,5-dimethyl-2-cycIopentenone, 4-chloro-2-cydopentenone, 4-methyl-2-cyclohexenone, 4-oxo- 

40 2-hexene, 3-oxo-1 t 7-octadiene, 3-oxo-1 ,2,3,6-tetrahydrophthalic anhydride, inden-1-one, 1,3-diphenyl-2-propen- 

1- one, 2-methylenecyclobutanone, 2-methytenecyciopentanone, pinocarvone, dihydro-4-oxo-3-methylene- 

2- furanone, and 2-cyclohexyfidenecyclohexanone. 

[0044] Examples of the carboxylic acid compound include, for example, E t E-2-carboxy-8-acetoxy-6-rnethyl-2,6-oc- 
tadiene, E,E-2-carboxy-8-benzoyloxy-6-methyl-2,6-octadiene, E,E-2-carboxy-8-methoxy-5-methyl-2,6-octadiene, E, 
45 E-2-carboxy-8-benzyloxy-6-methyl-2,6-octadiene > E,E-2-carboxy-8-phenylsulfone-6-methyl-2.6-octadiene f E,E- 

2.6- dlmethyM0-oxo-2,6-undecadienoic acid, E-4-(acetyloxy)-2-methyl-2-butenoic acid, a -carboxystyrene, cinnamic 
acid, 2-(4-methyl-2-cyclohexylidene)propanoic acid, 5,5-dimethyl-3-oxo-1-cyclohexane-1 -carboxylic acid, 7,7-dime- 
thyl-bicyclo[4.1 03hept-2-ene-3-carboxylic acid, chaminicacid and myrtenic acid. 

[0045] Next, an application of the present invention is illustrated below with a specific example, but the present 
so invention is not limited by this example. 
[0046] When a compound of formula (8) 
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:o 2 R 5 



(8) 



wherein R 5 represents a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, or a sub- 
stituted or unsubstituted aralkyl group (hereinafter, simply referred to as the chrysanthemic acid ester (8)), for example, 
is used as the olefin compound in the present invention, at least one compound selected from a compound of formula (9) 



wherein R 5 is as defined above (hereinafter, simply referred to as the alcohol (9)), a compound of formula (10) 



wherein R 5 is as defined above (hereinafter, simply referred to as the aldehyde (10)), and a compound of formula (11) 



wherein R s is as defined above (hereinafter, simply referred to as the carboxyiic acid (11)), can be obtained as the 
oxygen-containing compound. 

[0047] Examples of a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, and a sub- 
stituted or unsubstituted aralkyl group include the same as exemplified above. 

[00481 Examples of the compound represented by formula (10) and (11) include preferably the compound wherein 

rs j s j) an alkyl group, or ii) an aralkyl group which may be substituted with at least one group selected from an alkyl 

group, an alkoxy group, a halogen atom, an alkoxyaikyl group and an aryloxy group, more preferably the compound 

wherein R 5 is i) a methyl group or ethyl group, or ii) a benzyl group which may be substituted with at least one group 

selected from a methyl group, a methoxy group, a halogen atom, a meihoxymethyl group and a phenoxy group. 

[0049] Examples of the chrysanthemic acid ester (8) include, for example, methyl 

3,3-dimethyl-2-(2-methyi-1 -propenyl)cyclopropanecarboxylate, ethyl 

3,3-dimethyl-2-(2-methyl-1 -propenyl)cyclopropanecarboxylate, isopropyl 

3,3-dimethyl-2-(2-methyl-1 -propenyl)cyclopropanecarboxylate, tert-butyl 

3,3-dimethyl-2-(2-methyl-1-propenyl)cyclopropanecarbo 

3,3-dimethyl-2-(2-methyl-1 -propenyl)cyelopropanecarboxyiate, menthyl 

3,3-dimethyl-2-(2-methyl-1 -propenyljcyclopropanecarboxylate, benzyl 

3,3-dimethyl-2-(2-methyl-1 -propenyl)cyclopropanecarboxylate, 4-chlorobenzyl 

3,3-dimethyl-2-(2-methyl-1 -propenyDcyclopropanecarboxylate, 2,3,5,6-tetrafluorobenzyl 




O) 





(It) 
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33^imethyl-2^2-memyl-1-prop8nyl)cyclopropanecarbo>^late, 2,3,5,6-tetrafluoro-4-methylben2yl 
3,3-dimemyl-2-(2-memyl-1^^ 2,3,5.6-tetrafluoro-4-methoxybenzyl 
3.3-dimemyl-2-(2H™^ 

3,3-dimethyl-2-(2-methyl-1^^ and 3-phenoxyb©nzyl 3,3-dimethyl-2-(2-memyI-1-pro- 

penyl)cyclopropanecarboxylate. 

[0050] The crirysanthemfc acid ester (8) has a cis-isomer having the group shown by -C0 2 R 5 and the 2-methyl- 

1- propenyl group on the same side with respect to the cyclopropane ring plane and a transnsomer having the groups 
on the opposite side, and any one of the cis-isomer and the trans-isomer or a mixture thereof may be used in the 
present invention. When the mixture thereof is used, a mixing ratio of the cis-isomer and trans-isomer is not particularly 
limited. 

10051] The chrysanthemic acid ester (8) has asymmetric carbon atoms within the molecule. Therefore, the chrysan- 
themic acid ester (8) has optical Isomers and any one optical isomer thereof or a mixture thereof may be used in the 
present invention. 

[0052] Examples of the alcohol (9) among the obtained oxygen-containing compounds include, for example, methyl 
3,3-dimemyl-2-E-(2-hydroxyrr^^ oxyiate, ethyl 3,3^limethyl-2-E-(2-hydroxymethyl- 

1 -propenyl)cyclopropanecarb oxyiate, isopropyl 3 l 3-dimethyi-2-E-(2-hydroxymethyl-1 -propenyl)cyclopropanecarb ox- 
yiate, tert-butyl 3,3^imemyl-2-E-(2-hydroxymemyl-1-propenyl)cyciOD^ oxyiate, cyclohexyl 3,3-dimethyl- 

2- E-(2-hydroxymethyl-1-propenyl)cyclopropanecarb oxyiate, menthyl 3,3-dimethyl-2-E-(2-hydroxymethyl-1-propenyi) 
cyclopropanecarb oxyiate, benzyl 3.3-dimethyl-2-E-(2-hydroxyme^ 4-chlo- 
robenzyl 3,3-dimethyi-2-E-(2-hydroxymemyl-^ oxyiate, 2A5,6-tetrafluorobenzyI 
3,3-dimemyl-2-E-(2^ oxyiate, 2,3,5,6-tetrafluorc-4-methylbenzyl 

^fjjf"^ oxylate ' 2 • 3 » 5 »^ tstrafiuo^o ^ e * 0} ^ en2 y , 

3,3-dimethyl-2-E-(2-hydroxymethyi-1-propenyl)cyclopropanecarb oxyiate, and 3-phenoxybenzyl 3,3-dimethyl- 
2-E-(2-hydroxymethyl-1-propenyl)cyctopropanecarb oxyiate. 

[0053] Examples of the aldehyde (1 0) include, for example, methyl 3,3-dimemyl-2-E-(2-formyi-i -propenyl)cydopro- 
panecarboxylate, ethyl 3,3-dimethyl-2-E-(2-formyi-1-propenyl)cydopropanecarboxylate t isopropyl 3,3-dirnethyl- 
2-E-(2~fbrmyl-1 -propenyl)cyclopropanecarboxy iate, tert-butyl 3,3-dimethyl-2-E-(2-formy1-1 -propenyi)cydopropane- 
carboxylate, cyclohexyl 3,3-din^myl-2-E-(2-formyl-1-pfopenyl)cyclopropanecarooxylate, menthyl 3,3-dimethyl- 
2-E-(2-fbrmyl-1-propenyl)cyclopropanecarboxylate, benzyl 3,3-dimemyl-2-E-(2-formyl-1-propenyl)cyclopropanecar- 
boxyiate, 4-chlorobenzyl 3 t 3-dimemyl-2-E-(2-formyl-1-propenyl)cydopropanec»rboxylate^ 2,3,5,6-tetrafluorobenzyl 
3,3^iimemyl-2-E-(2-tormyl-1-pro^ 2,3,5,6-tetrafluoro^-methylbenzyl 3,3-dimemyl- 

2- E-(2-formyl-1-propenyl)cydopropanecarboxylate, 2 t 3,5,6-tetrafluoro-4-methoxybenzyl 3,3-dimethyl-2-E-(2-formyi- 
1-propenyl)cyclopropanecarboxyiate, 2,3,5^^^ 3 l 3-dimethyl-2-E-(2-formyi-1-prope- 
nyljcyclopropanecarboxylate, and 3-phenoxybenzyl 3 l 3-dimethyl-2-E-(2-formyl-1-prop«nyl)c^clopropane(»rboxylate 
[0054] Examples of the carboxylic acid (11) include, for example, methyl 

3,3<limethyl-2-E-(2-rarb^^ e, ethyl 3,3-dimethyl-2-E-(2-carboxy-1-propenyl)cy- 

ciopropanecarboxyiat e, isopropyl 3 t 3-dimemyi-2-E-(2-carboxy-1-propenyi)c^^ e, tert-butyl 

3,3-dimemyl-2-E-{2-carboxy-l-propenyl)cyciopropar^rboxylat e, cyclohexyl 3,3^lmethyl-2-E-(2-carboxy-1-prope- 
nyl)cyclopropanecarboxylat e, menthyl 3,3Kiimethyl-2-E-(2-camoxy-1-propenyl)cyclopropanecarboxylat e, benzyl 
3,3-dimethyl-2-E-(2-carboxy-1 -propenyl)cydopropanecarboxylat e, 4-chlorobenzyl 3,3~dimethyl-2-E-{2-carboxy- 
1-propenyl)cydopropanecarboxylat e, 2,3,5,6-tetrafluorobenzyl 3,3-dimethyl-2-E-(2-carboxy-1-propenyl)cyclopro- 
panecarboxylat e, 2,3,5,6-tetrafluoro-4-methylbenzyl 3,3-dimemyl-2-E^2-carboxy-1-propenyl)cydopropanecarboxylat 
e, 2,3,5,6-tetrafluoro-4-methoxybenzyl S.a-dimemyl^-E^-carboxy-l-propenylJcydopropanecarboxylat e, 
2,3,5,6-tetrafluoro-4-methoxymethylbenzyl 3,3-dimemyi-2-E^2-carboxy-1-pmpenyl)cyclopropanecart» e, and 

3- phenoxybenzyl 3,3-dimethyl-2-E-<2-carboxy-1-propenyl)cydopropanecarboxylat e. 

[0055] According to the reaction of the present invention, typically three compounds represented by the formula (9), 
(10) and (11), the compounds represented by the formula (9) and (10), or the compounds represented by the formula 
(10) and (11) were produced, and if necessary, each compound can be separated by distillation, column chromatog- 
raphy and extraction as the above. 

[0056] When a trans-isomer of the chrysanthemic acid ester (8) is used, a trans-isomer of the oxygen-containing 
compound (which is alcohol (9) and/or aldehyde (10) and/or carboxylic add (11 )) is obtained, and when a cis-isomer 
of the chrysanthemic acid ester (8) is used, a cis-isomer of the oxygen-containing compound is obtained. When an 
optically active chrysanthemic acid ester (8) is used, an optically active oxygen-containing compound is obtained. 
[0057] Thus obtained alcohol (9), aldehyde (10) and carboxylic acid (11 ) are important compounds as the synthetic 
intermediates for pyrethroid household agents for epidemic prevention and insecticides and the present reaction can 
be applied to the industrial method for preparing these compounds. 



10 



EF 1 609 777 A1 



Examples 

[0058] The present invention is illustrated below in more detail with examples, but the present invention is not limited 

by these examples. The yield of methyl 

3>dimethyl-2-E-(2-hydro^ 

3,3-dimemyl-2-E-(2-car^ calculated based on the results analyzed by 

liquid chromatography internal standard method and the yield of the other compound was calculated based on the 
results analyzed by gas chromatography internal reference method. 

Example 1 

[0059] into a 100 mL flask equipped with a magnetic rotor and a reflux condenser, 50 mg of selenium dioxide, 100 
mg of 3.4-dihydroxybenzoicacid, 1 g of 1-butyl-3-methylimitfazolium tetrafluoroborate and 1 g of 70 wt% aqueous tert- 
butyihydroperoxide were charged. The mixture was stirred and maintained for 30 minutes at an inner temperature of 
40 SC. After that, 1 .5 g of methyl 3.3-dimethy|.2-(2-methyH-propenyl)cyclopropanecarboxylate was added to the mix- 
ture, and the resulting mixture was heated to an inner temperature of 60 SC. To the mixture, 1.64 g of 70 wt% aqueous 
tert-butythydroperoxide was added dropwise over 1 hour at the same temperature and the resulting mixture was stirred 
to effect the reaction for 5 hours at the same temperature. After completion of the reaction, the reaction mixture was 
cooled to room temperature. 10 g of n-hexane was added to me reaction mixture and the extracting treatment was 
carried out to obtain a n-hexane phase and an ionic liquid phase. The ionic liquid phase was extracted two times by 
n-hexane and obtained n-hexane phase was mixed to the n-hexane phase obtained before to obtain an organic phase 
containing oxygen-containing compounds. 1.5 g of an ionic liquid phase containing 1-butyl-3-methylimidazoiium 
tetrafluoroborate was obtained. 

Yield of each component 

Methyl 

[0060] 3,3-dlmemyl-2-E-{2-hydroxymethyl-1 -propenyljcyciopropanecarb oxylate: 3 %, 
Methyl 

[00611 3,3-dimemyl-2-E-(2-formyl-1-properryl)cyclopropanecarto : 44 %, 
Methyl 

[00621 3,3-dimemyl-2-EK2^rboxy-1-propenyl)cyclopropanecarboxylat e: 42 %. 
Exampie2 

[0063] After 1.5 g of the ionic liquid phase obtained in example 1 and 1 .5 g of methyl 3,3-dimethyl-2-(2-methyl- 
1-propenyi)cyclopropanecarboxylate were charged into a 100 mL flask equipped with a magnetic rotor and a reflux 
condenser, the resulting mixture was heated to an inner temperature of 60 fiC and 2.6 g of 70 wt% aqueous tert- 
butyihydroperoxide was added dropwise over 1 hour at the same temperature with stirring, and then the mixture was 
heated to an inner temperature of 80 eC and stirred to effect the reaction for 3 hours at the same temperature. After 
completion of the reaction, the reaction mixture was cooled to room temperature. 10 g of n-hexane was added to the 
reaction mixture and the extracting treatment was carried out to obtain a n-hexane phase and an Ionic liquid phase. 
The ionic liquid phase was extracted two times by n-hexane and obtained n-hexane phase was mixed to the n-hexane 
phase obtained before to obtain an organic phase containing oxygen-containing compounds. 1.6 g of an tonic liquid 
phase containing 1-butyl-3-methyiimidazoiium tetrafluoroborate was obtained. 

Yield of each component 

Methyl 

[0064] 3,3-dimethyl-2-E-(2-hydroxymethyl-1 -propenyt)cyciopropanecarb oxylate: 7 %, 
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Methyl 

10065] 3,3-dimemyl-2-E-{2-formyl-1 -propenyl)cyclopropanecarboxyiate : 43 %, 
Methyl 

[0066] 3,3-dimethyl-2-E-<2Karooxy e: 33 %. 

Example 3 

[0067] Into a 1 00 ml_ flask equipped with a magnetic rotor and a reflux condenser, 50 mg of selenium dioxide, 1 00 
mg of picoiine, 1 g of 1-butyl-3-memylimidazolium tetrafluoroborate and 0. 5 g of 70 wt% aqueous tert-butylhydroper- 
oxide were charged. Ttie mixture was stirred and maintained for 30 minutes at an inner temperature of 40 SC. After 
that, 1 .5 g of methyl 3,3-dimethyl-2-(2-methyM -propenyl)cyclopropanecarboxylate was added to the mixture, and the 
resulting mixture was heated to an inner temperature of 60 oc. To the mixture, 2.2 g of 70 wt% aqueous tert-butylhy- 
droperoxide was added dropwise over 1 hour at the same temperature with stirring. The resulting mixture was heated 
to an inner temperature of 80 QC and stirred to effect the reaction for 2 hours at the same temperature. After compietion 
of the reaction, the reaction mixture was cooled to room temperature. 10 g of n-hexane was added to the reaction 
mixture and the extracting treatment was carried out to obtain a n-hexane phase and an ionic liquid phase. The ionic 
liquid phase was extracted two times by n-hexane and obtained n-hexane phase was mixed to the n-hexane phase 
obtained before to obtain an organic phase containing oxygen-containing compounds. 1 .5 g of an ionic liquid phase 
containing 1-butyl-3~memyiimidazollum tetrafluoroborate was obtained. 

Yield of each component 

Methyl 

[0068] 3,3-dimethyl-2-E-(2-hydroxymethyl-1 -propenyl)cyclopropanecarb oxylate: 8 %, 
Methyl 

[0069] 3,3-dimethyl-2-E-(2-formyl-1-propenyl)cyciopropanecarboxylate : 54 %. 
Methyl 

[0070] 3,3-dimethyl-2-E-(2-carboxy-1 -propenyl)cyclopropanecarboxylat e: 8 %. 
Example4 

[0071] into a 100 mL flask equipped with a magnetic rotor and a reflux condenser, 1 .5 g of the ionic liquid phase 
obtained in example 3 and 1 .5 g of methyl 3,3-dimethyl-2-(2-methyl-1 -propenyl)cyclopropanecarboxylate were charged 
and the resulting mixture was heated to an inner temperature of 60 QC. After 2.6 g of 70 wt% aqueous tert-butylhy- 
droperoxide was added dropwise over 1 hour to the mixture at the same temperature with stirring, the resulting mixture 
was stirred to effect the reaction for 5 hours at the same temperature. After completion of the reaction, the reaction 
mixture was cooled to room temperature. 10 g of n-hexane was added to the reaction mixture and the extracting 
treatment was carried out to obtain a n-hexane phase and an ionic liquid phase. The ionic liquid phase was extracted 
two times by n-hexane and obtained n-hexane phase was mixed to the n-hexane phase obtained before to obtain an 
organic phase containing oxygen-containing compounds. 1 .6 g of an ionic liquid phase containing 1-butyl-3-methylim- 
idazolium tetrafluoroborate was obtained. 

Yield of each component 

Methyl 

[0072] 3,3-dImethyl-2-E^ydro^ oxylate: 36 %, 
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Methyl 

[0073] 3.3^ime%l-2-E-(2-formyl-1 -propenyl^clopropanecarboxylate : 37 %, 
Methyl 

|00741 3,3-dimemyl-2-E-<2-carfooxy-1^ e: 7 %. 

Example 5 

[00751 into a 100 mL flask equipped with a magnetic rotor and a reflux condenser, 50 mg of selenium dioxide, 1 g 
of 1-butyh3-methy!imidazoHurn tetrafluoroborate and 0.5 g of 70 wt% aqueous tert-butylhydroperoxide were charged 
and the mixture was stirred and maintained for 30 minutes at an inner temperature of 40 SC. After that 1.5g of methyl 
S^-dimethyl^a-methyM -propenyl)cyclopropaneearboxylate was added to the mixture, and the resulting mixture was 
heated to an inner temperature of 70 SC. To the mixture, 2.2 g of 70 wt% aqueous tert-butylhydroperoxide was added 
. dropwise over 1 hour at the same temperature with stirring. The resulting mixture was stirred to effect the reaction for 
7 hours at the same temperature. After completion of the reaction, the reaction mixture was cooled to room temperature. 
10 g of n-hexane was added to the reaction mixture and the extracting treatment was carried out to obtain a n-hexane 
phase and an ionic liquid phase. The ionic liquid phase was extracted two times by n-hexane and obtained n-hexane 
phase was mixed to the n-hexane phase obtained before to obtain an organic phase containing oxygen-containing 
compounds. 1.4 g of an ionic liquid phase containing 1-butyl-3-methylimidazolium tetrafluoroborate was obtained. 

Yield of each component 

Methyl 

£0076] 3,3-d imethyl-2-E-(2-hydroxymethyM -propenyl)cyclopropanecarb oxylate: 20 %, 
Methyl 

[0077] S^imethyl^-E^-formyl-l^ropenylJcyclopropanecarboxylate : 44 %, 
Methyl 

[0078] 3,3-dimemyi-2-E-{2-carboxy-1-propenyl)cyclopropanecarboxyfat e: 16 %. 
Example 6 

[0079] into a 100 mL flask equipped with a magnetic rotor and a reflux condenser. 1.4 g of the ionic liquid phase 
obtained in example 5 and 1 .5 g of methyl 3,3-dimethyl-2-(2-methyl-1 -propenyl)cyclopropanecarboxylate were charged 
and the resulting mixture was heated to an inner temperature of 70 SC. After 2.6 g of 70 wt% aqueous tert-butylhy- 
droperoxide was added dropwise over 1 hour to the mixture at the same temperature with stirring, the resulting mixture 
was stirred to effect the reaction for 6 hours at the same temperature. After completion of the reaction, the reaction 
mixture was cooled to room temperature. 10 g of n-hexane was added to the reaction mixture and the extracting 
treatment was carried out to obtain a n-hexane phase and an ionic liquid phase. The ionic liquid phase was extracted 
two times by n-hexane and obtained n-hexane phase was mixed to the n-hexane phase obtained before to obtain an 
organic phase containing oxygen-containing compounds. 1.6 g of an ionic liquid phase containing 1-butyl-3-*nethylim- 
idazolium tetrafluoroborate was obtained. 

Yield of each component 

Methyl 

[00801 3 l 3-dimethyl-2-E-(24iydroxymethyl-1-propenyl)cyclopropanecarb oxylate: 34 %, 
Methyl 

[0081] 3,3^imethyl-2^-(2-formyl-1-propenyi)c^dopropaneqarboxylate : 21 %, 
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Methyl 

[0082] 3,3~dimethyl-2-E-(2-carboxy-1 -propenyl)cyclopropanecarboxyiat e: 5 %, 
35 % of the starting methyl 

3,3^imethyl-2-(2-methyl-t-^ was remained. 

Example 7 

[0083] into a 100 mL flask equipped with a magnetic rotor and a reflux condenser, 50 mg of selenium dioxide, 1 00 
mg of 3,4-dihydroxybenzoic acid, 1 g of 1-butyl-3-methylimidazoHurn tetrafluoroborate and 0.5 g of 70 wt% aqueous 
tert-butyihydroperoxide were charged and the mixture was stirred and maintained for 30 minutes at an inner temper- 
ature of 40 SC. After that, 1.58 g of geranyi acetate was added to the mixture, and the resulting mixture was heated 
to an inner temperature of 50 SC. To the mixture, 2.2 g of 70 wt% aqueous tert-butythydroperoxide was added dropwise 
over 1 hour at the same temperature with stirring. The resulting mixture was stirred to effect the reaction for 5 hours 
at the same temperature. After completion of the reaction, the reaction mixture was cooled to room temperature. 10 g 
of n-hexane was added to the reaction mixture and the extracting treatment was carried out to obtain a n-hexane phase 
and an ionic liquid phase. The ionic liquid phase was extracted two times by n-hexane and obtained n-hexane phase 
was mixed to the n-hexane phase obtained before to obtain an organic phase containing oxygen-containing com- 
pounds. 1.5 g of an ionic liquid phase containing 1-butyi-3-methyilmida2olium tetrafluoroborate was obtained. 

Yield of each component 

[0084] E,E-2,6-dimethyl-2,6-oetadiene-1 ,8-diol-8-acetate: 35 %, E,E-2-formyl-8-acetoxy-6-methyl-2,6-octadiene: 25 
%, 33 % of the starting geranyi acetate was remained. 

Example 8 

[0085] Into a 1 00 mL flask equipped with a magnetic rotor and a reflux condenser, 60 mg of seleninyl chloride, 1 g 
of 1-butyl-3-methylimidazolium tetrafluoroborate and 0. 5 g of 70 wt% aqueous tert-butylhydroperoxide were charged 
and the mixture was stirred and maintained for 30 minutes at an inner temperature of 40 SC. After that, 1.5 g of methyl 
3,3-dimemyi-2-<2-memyl-1-propenyl)cyclopropanecarboxylate added to the mixture, and the resulting mixture was 
heated to an inner temperature of 60 SC. To the mixture, 2.2 g of 70 wt% aqueous tert-butyihydroperoxide was added 
dropwise over 1 hour at the same temperature with stirring. The resulting mixture was heated to an inner temperature 
of 80 SC and stirred to effect the reaction for 2 hours at the same temperature. After completion of the reaction, the 
reaction mixture was cooled to room temperature. 1 0 g of n-hexane was added to the reaction mixture and the extracting 
treatment was carried out to obtain a n-hexane phase and an ionic liquid phase. The ionic liquid phase was extracted 
two times by n-hexane and obtained n-hexane phase was mixed to the n-hexane phase obtained before to obtain an 
organic phase containing oxygen-containing compounds. 1 .4 g of an ionic liquid phase containing 1-butyl-3-methylim- 
idazolium tetrafluoroborate was obtained. 

Yield of each component 

Methyl 

[0086] 3,3-dimethyl-2~E-(2-hydroxymethyl-1 -propenyl)cyclopropanecarb oxylate: 3 %, 
Methyl 

[0087] 3,3-dimethyl-2-E-{2-formyl-1-propenyl)cyclopropanecarboxylate : 32 %, 
Methyl 

[0088] 3,3-d imethyl-2-E-(2-carboxy-1 -propenyl)cyclopropanecarboxylat e: 8 %. 
Example 9 

[0089] Into a 100 mL flask equipped with a magnetic rotor and a reflux condenser, 1 .4 g of the ionic liquid phase 
obtained in example 8 and 1 .5 g of methyl 3,3-dimethyl-2-(2-methyi-1 -propenyi)cyclopropanecarboxylate were charged 
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and the resulting mixture was heated to an inner temperature of 60 QC. 2.6 g of 70 wt% aqueous tert-butylhydroperoxide 
was added dropwise over 1 hour to the mixture at the same temperature with stirring. After the resulting mixture was 
heated to 80 SC, the mixture was stirred to effect the reaction for 2 hours at the same temperature. After completion 
of the reaction, the reaction mixture was cooled to room temperature. 10 g of n-hexane was added to the reaction 
mixture and the extracting treatment was carried out to obtain a n-hexane phase and an ionic liquid phase. The ionic 
liquid phase was extracted two times by n-hexane and obtained n-hexane phase was mixed to the n-hexane phase 
obtained before to obtain an organic phase containing oxygen-containing compounds. 1.6 g of an ionic liquid phase 
containing 1-butyl-3-methylimidazolium tetrafluoroborate was obtained. 

Yleid of each component 

Methyl 

[00903 3 I 3-dimethyl-2-E-(2-hydroxymethyi-1 -propenyl)cyclopropanecarb oxyiate: 22 %, 
Methyl 

[0091] a.S-dimethyi^E^-forn^i-l-propenylJcydopropanecailxixylate : 44 %, 
Methyl 

£0092] 3,3-dimethyl-2-E-(2-carboxy-.1 -propenyl)cydopropanecarboxylat e: 7 %. 
Example 10 

[0093] into a 100 mL flask equipped with a magnetic rotor and a reflux condenser, 50 mg of selenium dioxide, 1 g 
of N-butyl-4-methylpyridinium tetrafluoroborate and 0.5 g of 70 wt% aqueous tert-butylhydroperoxide were charged 
and the mixture was stirred and maintained for 30 minutes at an inner temperature of 40 QC. After that, 1 .5 g of methyl 
3,3-dimethyl-2-(2-methyl-1 -propenyl)cyclopropanecarboxylate was added to the mixture, and the resulting mixture was 
heated to an inner temperature of 60 QC. To the mixture, 22 g of 70 wt% aqueous tertrbutylhydroperoxide was added 
dropwise over 1 hour at the same temperature with stirring. After the resulting mixture was heated to an inner temper- 
ature of 60 ec, the mixture was stirred to effect the reaction for 2 hours at the same temperature. After completion of 
the reaction, the reaction mixture was cooled to room temperature. 1 O g of n-hexane was added to the reaction mixture 
and the extracting treatment was carried out to obtain a n-hexane phase and an ionic liquid phase. The ionic liquid 
phase was extracted two times by n-hexane and obtained n-hexane phase was mixed to the n-hexane phase obtained 
before to obtain an organic phase containing oxygen-containing compounds. 1 .5 g of an ionic liquid phase containing 
N-butyl-4-methylpyridinium tetrafluoroborate was obtained. 

Yield of each component 

Methyl 

[0094] 3,3-dimethyl-2-E-(2-hydroxymethyl-1 -propenyl)cyclopropanecarb oxyiate: 6 %, 
Methyl 

[0095] 3,3-dimethyl-2-E-(2-fo^ : 35 %, 

Methyl 

[0096] 3,3^imethyl-2-E-(2-carboxy~1-pro 11 %. 

Example 11 

[0097] into a 100 mL flask equipped with a magnetic rotor and a reflux condenser, 1.5 g of the ionic liquid phase 
obtained in example 10 and 1.5 g of methyl 3,3-dimethyl-2-{2-methyM were 
charged and the resulting mixture was heated to an inner temperature of 60 QC. 2.6 g of 70 wt% aqueous tert-butyl- 
hydroperoxide was added dropwise over 1 hour to the mixture at the same temperature with stirring. After the resulting 
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mixture was heated to 80 oC, the mixture was stirred to effect the reaction for 2 hours at the same temperature. After 
completion of the reaction, the reaction mixture was cooled to room temperature. 10 g of n-hexane was added to the 
reaction mixture and the extracting treatment was carried out to obtain a n-hexane phase and an ionic liquid phase. 
The ionic liquid phase was extracted two times by n-hexane and obtained n-hexane phase was mixed to the n-hexane 
phase obtained before to obtain an organic phase containing oxygen-containing compounds. 1.6 g of an ionic liquid 
phase containing N-butyl-4-methyipyridinium tetrafluoroborate was obtained. 

Yield of each component 

Methyl 

[00983 3,3-dimethyl-2-E-(2-hydroxymethyl-1 -propenyl)cyclopropanecarb oxyiate: 24 %, 
Methyl 

[0099] 3,3-dimethyl-2-E-{2-fbrmyl-1 -propenyl)cyclopropanecarboxyiate : 35 %, 
Methyl 

[01 00f 3 t 3-dimemyl-2-E-{2-carboxy-1 -propenyl}cydopropanecarboxylat e: 8 %, 
6 % of the starting methyl 

3,3-dimethyl-2-(2-methyl-1 -propenyl)cyclopropanecarboxylate was remained. 
Example 12 

[0101J Into a 100 mL flask equipped with a magnetic rotor and a reflux condenser, 80 mg of selenocystine, 1 g of 
1-ethyl-3-methylimidazolium bis(trifluoromethanesufonyl)amide, 40 mg of 98 % suHuric acid and 0.5 g of 70 wt% aque- 
ous tert-butylhydroperoxide were charged and the mixture was stirred and maintained for 30 minutes at an inner tem- 
perature of 40 SC. After that. 1 .5 g of methyl 3,3-dimethyl-2-(2-memyl-1-propenyl)cyclopropanecarboxylate was added 
to the mixture, and the resulting mixture was heated to an inner temperature of 60 QC. To the mixture, 2.2 g of 70 wt% 
aqueous tert-butylhydroperoxide was added dropwise over 1 hour at the same temperature with stirring. After the 
resulting mixture was heated to an inner temperature of 80 eC, the mixture was stirred to effect the reaction for 2 hours 
at the same temperature. After completion of the reaction, the reaction mixture was cooled to room temperature. 10 g 
of n-hexane was added to the reaction mixture and the extracting treatment was carried out to obtain a n-hexane phase 
and an ionic liquid phase. The ionic liquid phase was extracted two times by n-hexane and obtained n-hexane phase 
was mixed to the n-hexane phase obtained before to obtain an organic phase containing oxygen-containing com- 
pounds. 1.4 g of an ionic liquid phase containing 1-ethyl-3-methylimidazoiium 
bis(trifluoromethanesulfonyl)amide was obtained. 

Yield of each component 

Methyl 

[0102] 3 l 3-dimethyl-2-E-(2-hydroxymethyl-1-propenyl)cyclopropanecarb oxyiate: 26 %, 
Methyl 

[01 03] 3.3-dimethyl-2-E-(2-formyl-1 -propenyl)cyclopropanecarboxylate : 39 % 
Methyl 

[0104] 3,3-dimethyl-2-E-(2-carboxy-1 -propenyi)cyclopropanecarboxylat e: 7 %, 
20 % of the starting methyl 

3 ,3-dimethyl-2-(2-methyl-1 -propenyl)cyclopropanecarboxyiate was remained. 
Example 13 

[0105] into a 100 mL flask equipped with a magnetic rotor and a reflux condenser, 70 mg of dimethylselenourea, 1 
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g of l-butyl-3-methylimidazolium tetrafluoroborate and 0.5 g of 70 wt% aqueous tert-butylhydroperoxide were charged 
and the mixture was stirred and maintained for 30 minutes at an inner temperature of 40 SC. After that, 1 .5 g of methyl 
3,3^imethyI-2-(2-methyi-1-propenyl)cydopropanecarboxylate was added to the mixture, and the resulting mixture was 
heated to an inner temperature of 60 QC. To the mixture, 2.2 g of 70 wt% aqueous tert-butylhydroperoxide was added 
dropwise over 1 hour at the same temperature with stirring. After the resulting mixture was heated to an inner temper- 
ature of 80 QC, the mixture was stirred to effect the reaction for 2 hours at the same temperature. After completion of 
the reaction, the reaction mixture was cooled to room temperature. 10 g of n-hexane was added to the reaction mixture 
and the extracting treatment was carried out to obtain a n-hexane phase and an ionic liquid phase. The ionic liquid 
phase was extracted two times by n-hexane and obtained n-hexane phase was mixed to the n-hexane phase obtained 
before to obtain an organic phase containing oxygen-containing compounds. 1 A g of an ionic liquid phase containing 
1-butyl-3-methylimidazoIium tetrafluoroborate was obtained. 

Yield of each component 

Methyl 

[01 06] 3,3-dimethyl-2-E-{2-hydroxymethyl-1 -propenyl)cyclopropanecarb oxylate: 1 2 %, 
Methyl 

[0107] 3,3-dimethyl-2-E-(2-formyM -propenyl)cyciopropanecarboxylate : 44 % , 
Methyl 

[01 08} 3,3-dimethyl-2-E-{2-carboxy-1 -propenyl)cyclopropanecarboxylat e: 8 %. 



Claims 

1. A method for producing an oxygen-containing compound, characterized in that an olefin compound having a 
carbon-carbon double bond which is bonded to a methyl or methylene group is reacted with an organic hydroper- 
oxide in the presence of an ionic liquid and a selenium compound. 

2. The method for producing an oxygen-containing compound according to claim 1 , wherein the oxygen-containing 
compound is at least one compound selected from alcohol compounds, aldehyde compounds, ketone compounds 
and carboxylic acid compounds. 

3. The method for producing an oxygen-containing compound according to claim 1 , wherein the olefin compound 
having a carbon-carbon double bond which is bonded to a methyl or methylene group is a compound of formula (1 ) 

R 1 — - — v R 3 
R 2 ^ R 4 

wherein R 1 represents a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, or a 
substituted or unsubstituted aralkyl group; R 2 , R 3 and R 4 are the same or different, and independently represent 
a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkoxy group, a substituted or unsubsti- 
tuted aryl group, a substituted or unsubstituted aryloxy group, a substituted or unsubstituted aralkyl group, a sub- 
stituted or unsubstituted aralkyloxy group, a substituted or unsubstituted alkylcarbonyl group, a substituted or 
unsubstituted aryicarbonyl group, a substituted or unsubstituted aralkylcarbonyl group, a substituted or unsubsti- 
tuted alkoxycarbonyl group, a substituted or unsubstituted aryloxycarbonyl group, a substituted or unsubstituted 
aralkyloxycarbonyl group, a carboxyl group, a halogen atom or a hydrogen atom, and herein, at least one pair 
selected from R 1 and R 3 , R 2 and R 4 , R 1 and R 2 and R 3 and R 4 may be bonded togetherwlth the carbon atom to 
which they are bonded to form a ring, 

and the oxygen-containing compound is a compound of formula (2) 
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(2) 



R R 

wherein R 1 , R 2 , R 3 and R 4 are as defined above, a compound of formula (3) 




(3) 



wherein R 1 , R 2 . R 3 and R 4 are as defined above, or a mixture thereof. 

The method for producing an oxygen-containing compound according to claim 1, wherein the olefin compound 
having carbon-carbon double bond which is bonded to a methyl or methylene group is a compound of formula <4) 



R 2 




(4) 



wherein R 2 , R 3 and R 4 are as defined above, and herein, R 2 and R 4 or R 3 and R 4 may be bonded together with 
thB carbon atom to which they are bonded to form a ring, 

and the oxygen-containing compound is at least one compound selected from a compound of formula (5) 



HO 




(5) 



R 2/ R* 
wherein R 2 , R 3 and R 4 are as defined above, a compound of formula (6) 



OHC, 



(6) 



wherein R 2 , R 3 and R 4 are as defined above, and a compound of formula (7) 




H0 2 C, 




(7) 



wherein R 2 , R 3 and R 4 are as defined above. 
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5. The method for producing an oxygen-containing compound according to claim 1 . wherein the olefin compound 
having carbon-carbon double bond which is bonded to a methyl or methylene group is a compound of formula (8) 



(8) 

C0 2 R 5 

wherein R 5 represents a substituted or unsubstituted alkyl groups a substituted or unsubstituted aryl group, or a 
substituted or unsubstituted aralkyl group, and the oxygen-containing compound is at least one compound selected 
from a compound of formula (9) 




wherein R 5 is as defined above, a compound of formula (10) 




wherein R 5 is as defined above, and a compound of formula (11) 




wherein R 5 Is as defined above. 

6. The method for producing according to claim 5, wherein R 5 is i) an alkyl group, or ii) an aralkyl group which may 
be substituted with at least one group selected from an alkyl group, an alkoxy group, a halogen atom, an alkoxyalkyl 
group and an aryloxy group. 

7. The method for producing according to claim 5, wherein R 5 is i) a methyl group or ethyl group, or ii) a benzyl group 
which may be substituted with at least one group selected from a methyl group, a methoxy group, a halogen atom, 
a methoxymethyl group and a phenoxy group. 

8. The method for producing an oxygen-containing compound according to claim 1 , wherein the ionic liquid is at least 
one compound selected from an imidazoiium salt substituted with one or more alkyl groups, a pyridinium salt 
substituted with one or more alkyl groups and a quaternary ammonium salt, which has a melting point of 100 °C 
or less and is stable to hold liquid state until high temperature of about 300 °C. 
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9. The method for producing an oxygen-containing compound according to claim 1 , wherein the selenium compound 
is at least one compound selected from selenium dioxide, selenlc acid and seienious acid. 

10. The method for producing an oxygen-containing compound according to claim 1, wherein the reaction is carried 
out in the presence of an aromatic carboxylic acid. 

11. The method for according to claim 1, which comprises recovering the ionic liquid phase containing the selenium 
compound after producing an oxygen-containing compound and reusing the recovered ionic liquid phase contain- 
ing the selenium compound. 

12. A composition comprising at least one ionic liquid selected from an imidazoiium salt substituted with one or more 
alky) groups, a pyridinium salt substituted with one or more alkyl groups, and a quaternary ammonium salt, which 
has a melting point 100 °C or less and is stable to hold liquid state until high temperature of about 300 °C, and at 
least one selenium compound selected from selenium dioxide, selenic acid and selenious acid, or me oxide thereof. 
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